Although open-door laminoplasty (ODL) is a well-known and frequently utilized technique for the treatment of cervical myelopathy, long-term follow-up studies demonstrate results consistent with significant postoperative loss of motion.[@JR00020-1] [@JR00020-2] [@JR00020-3] A critical review by Ratliff and Cooper in 2003 reported a mean decrease of 50% range of motion (ROM), with losses between 17% and 80% across 23 studies.[@JR00020-4] Furthermore, it has been shown that laminoplasty causes a loss of lordosis and loss of sagittal alignment. Despite the multitude of approaches to ODL for the treatment of cervical myelopathy, no studies have shown the clinical and radiographic results of ODL with preservation of all posterior structures. We hypothesize that the preservation of all structures will result in maintenance of sagittal alignment and range of subaxial motion. Here we present the results of 15 patients who underwent ODL with preservation of all posterior structures with mean 12.9-month follow-up that to our knowledge provides the first report of this technique.

Materials and Methods
=====================

Surgical Technique
------------------

Fifteen consecutive patients underwent cervical ODL by one surgeon (T.E.M.) for the treatment of cervical spondylotic myelopathy. In each patient, a 3-mm carbide bur was used on the side to be opened to transect the laminae at the laminae--lateral mass junction ([Fig. 1](#FI00020-1){ref-type="fig"}). Next, the ligamentum flavum along this trough was meticulously ligated, as was the ipsilateral ligamentum flavum between the supra- and subjacent levels to facilitate opening. Next, the hinge side was then drilled and each surgical-level lamina was elevated in the typical fashion for an ODL. No grafting substrate was applied to the hinged levels. All spinous processes and supraspinous ligaments were preserved within the operative levels and between supra- and subjacent levels in all patients with the exception of the most caudal and rostral aspects of the exposure ipsilateral to the open side (where the ligamentum flavum was transected to facilitate the opening of the laminae). This includes preservation of the ligamentum nuchae throughout the cervical spine. The interspinous muscles were preserved as well. From the surgeon\'s clinical experience, the presence of these structures did not hinder or prevent adequate opening of the laminae as compared with expansion without preservation of the posterior elements. The interspinalis muscles are likely denervated during the exposure. The extensor muscles are elevated (but not removed) and then allowed to fall back after the exposure. In all patients but one, the laminae on the open side were reconstructed using miniplates with either an 8-mm or a 10-mm cortical allograft strut bone graft affixed to the plate. The laminar portion of the plate was secured with two 5-mm screws, and the lateral mass portion of the plate was secured with one 7-mm (cranial) and one 5-mm (caudal) screw. Although the patients\' spines were placed in a neutral to slightly flexed alignment to facilitate the procedure, great care was taken to avoid placing the plate too far rostrally on the lateral mass to ensure there would be no abutment with the rostral lateral mass during subaxial extension. Once to the ward where soft collars are available, they are transitioned to a soft collar. On postoperative day 1, the surgical team (i.e., residents, fellows, attendings, or physician assistants) instructed the patient on active lateral bending, rotation, flexion, and extension. The patients were instructed to perform these exercises at least three times a day during the hospital stay and a minimum of ten times per day upon discharge. The soft cervical collar was discontinued as soon as possible, typically by postoperative day 3.

![Anatomic diagram of the posterior ligamentomuscular structures. (A) Posterior exposure of the spine showing the ligamentum nuchae (1) and the burr path on the open side (2). (B) An oblique view of the spine with an idealized exposure of the cord demonstrating the interspinous muscles, which remain intact where possible (3), and the terminal end of the construct with an intact ligamentum nuchae (4).](f00020-1){#FI00020-1}

Analysis
--------

The primary measure was the radiographic assessment. Preoperative radiographs were taken in neutral, flexion, and extension positions. Postoperative radiographs were taken at 1.5, 3, 6, and 12 months with an average terminal follow-up of 41.2 months and included neutral, flexion, and extension positions. Postoperative measurements were based on the final follow-up radiograph at a mean of 12.9 months, and preoperative measurements were based on radiographs taken closest to the date of surgery. Two independent observers (K.G.A., T.Y.) utilized the posterior tangent method to estimate preoperative and postoperative angles in the neutral, flexion, and extension positions electronically using Sienet MagicView 1000 VE 42 (Siemens Medical Systems, Erlangen, Germany). The posterior tangent method involves the measurement of the angle created by the vertex of two lines: the posterior body of C2 and the posterior body of C7 ([Fig. 2](#FI00020-2){ref-type="fig"}). This method was originally described by Gore et al[@JR00020-5] and has since been reported to provide good reliability and a lower standard error of measurement than that of the Cobb angle.[@JR00020-6] After assessment, intraclass correlation coefficients (ICC) were calculated to determine agreement between raters.[@JR00020-7] ICC for all measurements ranged from 0.85 to 0.93, indicating that there was excellent correlation between observers. Computerized tomography (CT) scans with sagittal reconstructions and 2-mm axial CT images of each surgical level were obtained at a mean of 12.9 months (range: 9 to 26) in all patients to assess the construct integrity, hinge healing, and bone graft consolidation on the open side. On the open side, grafts were deemed "consolidated" if there was (1) bridging bone on *both* sides of the graft to the lamina and lateral mass, and (2) absence of instrumentation loosening. A hinge was deemed to be "healed" if bridging bone was evident on axial images. All statistics were calculated using JMP 8.0 (2008, SAS Institute, Carey, NC). Descriptive statistics including mean, standard deviation, standard error, and confidence intervals were computed for all measurements. *p* values were calculated using Student *t* test and were considered nominally significant at \<0.05. Bivariate analysis of continuous variables was performed to determine all potential correlations between differences in ROM and other variables. When referring to sagittal pre- and postoperative values, we defined positive values as lordosis, and negative values as kyphosis. When examining overall changes in ROM, a positive value indicates a gain of motion and a negative value indicates a loss of motion.

![Posterior tangent method. The posterior tangent method involves the measurement of the angle created by the vertex of two lines shown here in red: the posterior body of C2 and the posterior body of C7.](f00020-2){#FI00020-2}

Results
=======

The cohort consisted of 15 male subjects with a mean age of 51.2 years with a mean follow-up of 14.8 months. There were no intraoperative or perioperative complications such as dural injuries or neurological deterioration. There was one postoperative infection that was treated with two serial debridements and maintenance of the instrumentation. Of the 15 patients who underwent ODL with preservation of all posterior structures, five underwent ODL from C4 to C7, seven from C3 to C7, and four from C3 to C6. Overall, eight underwent four-level laminoplasty and seven underwent five-level laminoplasty ([Table 1](#TB00020-1){ref-type="table"}, [Fig. 3](#FI00020-3){ref-type="fig"}). When examining these patients separately, the average change in arc ROM was 13.4 ± 12.37 degrees in those undergoing five-level laminoplasty, and 0.53 ± 6.95 degrees in those patients undergoing four-level laminoplasty at a mean 14.8-month follow-up. The greatest change in arc ROM for any patient undergoing four-level laminoplasty was 11.95 degrees. The average preoperative neutral angle, as determined radiographically utilizing the posterior tangent method, was 9.8 ± 9.75 degrees (95% confidence interval \[CI\]: 4.4 to 15.2; i.e., 9.8 degrees of lordosis). Postoperatively, the neutral angle was 6.8 ± 11.5 degrees (95% CI: 0.5 to 13.1), representing a loss of lordosis of 3 degrees that was not statistically significant (*p* \> 0.05). The preoperative angle of the patient in full extension was 20.5 ± 7.3 degrees (CI: 16.4 to 24.6) and at postoperative analysis was 17.2 ± 11 degrees (CI: 11.2 to 23.3). This was not a statistically significant change. The preoperative angle of the patient in full flexion was −19.2 ± 8.0 degrees (CI: 14.7 to 23.6), and analysis postoperatively was −16.4 ± 10.4 degrees (CI: 10.7 to 22.2), *p* \> 0.05. The arc ROM (measure of extension subtracted by flexion) was 39.6 ± 7.5 degrees (CI: −33.3 to 43.8) preoperatively and 33.7 ± 12.3 degrees (CI: 26.9 to 40.5) postoperatively (*p* = 0.004). The difference between the preoperative and postoperative arc ROM was 5.96 ± 11.9 degrees (CI: −0.62 to 12.5). The average percentage loss of motion was 3.5% ± (0.1 to 6.9%). Overall, four patients had an increased ROM postoperatively, and 11 patients had a decreased ROM as determined by changes in arc ROM.

![Case example: Pre- and postoperative range of motion. This 52-year-old man presented with a several-year history of progressive bilateral arm pain and numbness, along with gait and fine motor skills difficulties over the past year. Postoperatively, he had complete resolution of pain, numbness, and motor symptoms. (A--C) Plain films demonstrating preoperative neutral, flexion, and extension views, and (D--F) postoperative comparison films.](f00020-3){#FI00020-3}

###### Pre- and Postoperative Range of Motion Values

  Position    Preoperative              Postoperative                *p* Value
  ----------- ------------------------- ---------------------------- -----------
  Neutral     9.8 ± 9.75 (4.4--15.2)    6.8 ± 11.5 (0.5--13.1)       NS
  Extension   20.5 ± 7.3 (16.4--24.6)   17.2 ± 11 (11.2--23.3)       NS
  Flexion     −19.2 ± 8 (−14.7--23.6)   −16.4 ± 10.4 (−10.7--22.2)   NS
  Arc ROM     39.6 ± 7.5 (33.3--43.8)   33.7 ± 12.3 (26.9--40.5)     0.004

ROM, range of motion; NS, not significant.

Bivariate analysis showed no significant correlations between the age of patients and their ROM. Additionally, there were no significant correlations between any preoperative values of the neutral, flexion, or extension positions and ROM outcomes. Based upon the review of all radiographs and CT scans, there were no cases of construct failure. Specifically, there was no lucency or migration of the screws or plate fracture or migration, and all laminae were maintained in the open position at terminal radiographic follow-up (average 14.8 months). The strut allograft consolidation rate was 54.5%, and the hinge healing rate was 87.2%.

Discussion
==========

Cervical ODL is a well-characterized procedure used to treat cervical myelopathy. It is typically associated with loss of ROM, and certain studies have documented loss of sagittal alignment.[@JR00020-1] [@JR00020-2] [@JR00020-3] [@JR00020-8] [@JR00020-9] [@JR00020-10] The precise reason for the loss of motion remains elusive; however, there are several potential causes including postoperative axial pain, facet joint arthrosis/facet joint autofusion, and paraspinal muscle dysfunction. Similarly, it is not entirely clear why many patients lose sagittal alignment to varying degrees postoperatively. Most published studies on ODL suggest that there is disruption of the posterior tension band (i.e., removal of intervening supraspinous and interspinous ligaments, spinous processes, etc.).[@JR00020-1] [@JR00020-2] [@JR00020-3] [@JR00020-8] [@JR00020-9] [@JR00020-10] It is most logical to presume that removal or disruption of the posterior tension band during laminoplasty underlies the kyphogenic potential of cervical laminoplasty. Therefore, the hypothesis of this study was that preservation of all posterior structures would positively influence postoperative alignment (i.e., preservation) and possibly ROM (i.e., smaller loss).

ODL with preservation of all posterior structures provided greater mean preservation of motion than has been previously described. Additionally, this is the first report showing that an increased mean ROM is also possible following ODL, as was seen in 4 of the 15 patients in the study. The average 3.5% loss of motion (5.96 degrees) that was identified in the present study is less than previously reported estimates, which include a study from 2009 that reported a loss ranging between 17% and 80%,[@JR00020-11] and a study by Kang et al in 2007[@JR00020-12] that reported a mean loss of 9.54 degrees of motion ([Table 2](#TB00020-2){ref-type="table"}). Several studies have shown that preserving the ligamentous structures in the cervical spine can potentially reduce postoperative pain levels.[@JR00020-13] [@JR00020-14] [@JR00020-15] [@JR00020-16] It follows from these studies that preserving posterior structures may possibly assist in the maintenance, and potentially even a gain, of physiological ROM.

###### Range of Motion Preservation Reported Since 2003

  Study                               Technique   No. of Patients   Follow-Up   Postoperative Range of Motion
  ----------------------------------- ----------- ----------------- ----------- -------------------------------
  Chiba et al, 2006[@JR00020-1]       ODL         80                14 y        −36%
  Kang et al, 2007[@JR00020-12]       ODL         20                19.45 mo    −31.8%
  Takeuchi et al, 2007[@JR00020-16]   ODL         70/41             19/30 mo    −47.4%/−19.2%
  Hyun et al, 2009[@JR00020-11]       ODL         23                26.78 mo    −31.66%
  Kotani et al, 2009[@JR00020-14]     ODL         42/42             43 mo       Not given
  Otani et al, 2009[@JR00020-2]       ODL         13                5 y         −13.3%
  Sakaura et al, 2010[@JR00020-17]    ODL         36                \>24 mo     −24.3%/26%

ODL, open-door laminoplasty.

Recently, Sakaura et al[@JR00020-17] reported that preservation of muscles attached to C2 and C7 spinous processes was more important than preserving the subaxial deep extensors in reducing unfavorable outcomes after laminoplasty. Particularly with regard to ROM, they showed no statistical difference between those patients with deep muscle preservation versus those undergoing traditional ODL (−26% versus −24.3%, respectively). The authors concluded that the temporally demanding preservations of deep structures were unnecessary when preserving superficial attachments from C2 to C7. The study by Sakaura et al is not necessarily in conflict with the present study data, as the presented technique preserves both deep extensors and more superficial muscle groups.[@JR00020-17] The preservation of the extensor muscles is accomplished by elevating, instead of ligating, them during the procedure. The interspinalis muscles are likely denervated during this procedure, yet the clinical implication of this is not known. It is difficult to tease out the necessity of the deep extensors, but when provided with the preservation of ROM found in the present study, it can be argued that some combination of both approaches may facilitate better outcomes.

In the present study, the loss of ROM in four-level laminoplasty (0.53 degrees) was significantly lower than that of five-level laminoplasty (13.4 degrees). When taking into account that many previously reported ROM values are done on the analysis of surgeries involving four levels or less, these results are particularly salient. The value we obtained for the five-level laminoplasty matches that of at least one other study by Kang et al in 2007.[@JR00020-12] The nearly 13-degree difference in loss of ROM between these two procedures may be due to the fact that the five-level laminoplasty often involves C7, which is thought to play an important role maintaining cervical spine stability and preserving muscle/ligament attachments. As there is limited research on this area, further studies to examine the use of this technique in four- and five-level laminoplasty will be necessary. Although lateral radiographs have comprised the basis of these results, we have utilized CT and magnetic resonance imaging in a subset of patients to determine the results of laminoplasty in regard to distribution and settling of posterior tissues. It was found that the paraspinal muscle attachment occurred in an apparent anatomical manner.

It is important to note that a study by Tani et al in 2002[@JR00020-18] reported a loss of ROM of only 7.26 degrees among patients undergoing laminoplasty for cervical myelopathy. Discretion should be used when attempting to draw parallels to this study. First, only 3 of their 30 patients underwent five-level laminoplasty, and the majority underwent three- and four-level laminoplasty.[@JR00020-19] None of their patients underwent laminoplasty to C7. Ceramic spacers were only placed at two levels and then fixed. In the present study, allografts were applied to all levels and then fixed by miniplates. These differences may have significant effects on the outcome of both studies.

Several important factors must be considered in the interpretation of our results. The first is the value of loss of ROM between the preoperative and postoperative period. This study presents a loss of only 5.96 ± 11.9 degrees. Initially, the standard deviation presented seems abnormally broad. However, it is necessary to include the four patients who gained motion in the analysis. The large standard deviation is due to these patients who had greater ROM postoperatively. The authors are also aware of the inherent difficulty in interpreting pre- and postoperative images in the flexion and extension positions. These images may be affected by patient compliance with the radiographic technician and the presence of neurological symptoms with neck motion and neck pain. The postoperative activity regimen of choice may also influence eventual retention of ROM. All patients in this study transitioned to a soft collar and started on active flexion, extension, and rotation exercises on postoperative day 1. This decision may have also impacted the results. Not all surgeons utilize this postoperative regimen, and currently there is limited literature of the effects of perioperative motion on the eventual ROM following cervical laminoplasty. Although this rehabilitative aspect is not the main focus of this study, it may have a substantial bearing on the patients\' eventual outcomes. The lack of literature on this subject leads to a surgeon-dependant movement regimen postoperatively, and it is difficult to tease out the benefits of motion preservation techniques that are emphasized in the operating room versus those conducted on the surgical ward and in the perioperative period.

The limitations of this study are well recognized. It is a retrospective review of a small number of male patients, with no control group, treated by one surgeon. The results, however, indicate that this variation of ODL may have merit, especially in the context of the preservation of motion reported when compared with previous studies. A prospective study is indicated to further assess the clinical and radiographic outcomes of this procedure.
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